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The aim of this study was to determine the in vitro diagnostic performance for 
approximal caries and occlusal dentine caries diagnosis of the Digora® system 
for digital radiography in relation to the exposure time, Radiographs were 
made of 220 extracted human posterior teeth and cuspids at exposure time 
levels of 3%, 6%, 10%, 20%, and 78% of the exposure time needed for E-speed 
film (image sets I, II, III, IV, and V, respectively). The image sets were put in 
random order (III, I, IV, II, V) and assessed independently by 3 observers 
using a 5-point confidence scale. True caries status was determined 
histologically after sectioning of the teeth. Evaluated parameters were: 
interexaminer at, sensitivity, specificity, D z3/4( the distance of one operating 
point to the diagonal in the ROC domain) and area under the ROC curve. The 
Spearman correlation coefficients between the parameters and both exposure 
time and order of viewing of the sets were calculated. For approximal surfaces, 
the ranges of mean parameter values were: sensitivity 26-33%, specificity 
93-95%, jD*3/4 0.63-0.84, area 0.61-0.69. For occlusal surfaces, the ranges 
were: sensitivity 52-60%, specificity 91-95%, D z3/4 1,03-1,34, area 0,79-0.87. 
Out of 24 pairwise comparisons between sets V and I, 5 were significant. Out 
of 24 comparisons between set V and II, only 2 were significant. It was 
concluded that diagnostic performance is unlikely to be impaired for an 
exposure time as short as 6% of E-speed film exposure. When reducing the 
exposure time to 3% of E-speed film exposure, caries diagnosis may be 
impaired.
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Direct digital radiography has been available to 
dentistry for about 10 years. Most systems to date 
are based on the use of an intraoral CCD (charge 
coupled device) sensor. There are certain limitations 
associated with most CCD systems. The active area 
of the intraoral sensor is rather small (ca.
where it is scanned by a laser beam, and the emitted 
light is converted to a digital image. Any remaining 
information is then removed from the plate by 
flooding it with a bright light. The image plate, 
which (apart from mechanical wear) can reportedly 
be re-used infinitely, is available in two sizes cor res -
18x26 mm) resulting in images about the size of ponding to # 2  and # 0  film sizes. The storage
# 0 film, and the dynamic range is narrower than phosphor system has a wide dynamic range: over-
that of film resulting in a higher risk of over- or or under-exposure are virtually impossible, and
underexposure. Reviews of these systems have been exposure levels can be reduced even more than with
published recently (1, 2). A new system for digital 
intraoral radiography Digora® (Soredex Orion 
Corporation, Helsinki, Finland) has addressed 
these problems. Instead of the CCD sensor which 
is connected to the computer, Digora uses separate 
image plates with a storage phosphor coating. An tion, were shown to be inferior to those o f other 
exposed image plate is placed in a scanning unit, digital systems (4). This is attributed to the lower
the sensor systems (3).
As the system is very new, scientific reports 
concerning Digora are few and preliminary. Some 
objective parameters of image quality of Digora, 
line spread function and modulation transfer func-
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resolution. Another study reported a relatively high 
subjective image quality, over a large exposure 
range (5). Using an E-speed film equivalent expo­
sure level, no difference could be shown in dia­
gnostic accuracy for periapical disease between 
E-speed film and Digora images (6), The large 
dynamic range of the system offers possibilities for 
dose reduction beyond those of the sensor systems, 
with the increase in relative noise level being the 
limiting factor. Using an exposure time for Digora 
images of about 40% of that for E-speed film, no 
significant difference in diagnostic performance for 
occlusal and approximal caries diagnosis could be 
shown between Digora and 3 CCD systems (7). 
The subjective image quality of images with about 
8% of the exposure needed for optimal image 
quality in film images (E-speed) was still rated 7 
on a 10-point scale (5). For endodontic length 
measurements using file size 15, a reduction to 10% 
of E-speed exposure did not significantly affect the 
diagnostic accuracy in one study (8). In another 
study, similar exposures did yield significantly 
different results, but at an exposure of about 20% 
of that for E-speed film, the differences were no 
longer significant (9). The influence of exposure 
time reduction on diagnostic accuracy in caries 
diagnosis has not yet been studied adequately, nor 
have exposures significantly below 10% of E-speed 
film exposure been investigated. It was the aim of 
this study to evaluate several parameters of caries 
diagnostic performance achieved with Digora 
images using exposure times between 3% and 78%) 
of that needed for E-speed film.
Materials and methods
Study sample
The material for this study consisted of 220 
extracted human cuspids, pre-molars and molars 
(mainly 3rd molars). The macroscopical status of 
the occlusal and approximal surfaces ranged from 
sound to cavitated. Sets of 5 teeth were positioned 
in a row with contacting approximal surfaces, the 
roots embedded in impression putty blocks.
Radiographic examination
Each block was radiographed in 2 parts (tooth 
1-3, and tooth 3-5) using the Digora system. The 
large image plate (3 x 4  cm) was used for all images, 
and 12 mm thick tissue equivalent material was 
placed between the tube extension and the teeth. 
The exposure parameters were as follows: 60 kVp, 
15 mA and 66 cm focus to image plate distance. 
An electronic timer was used to make a complete 
set of images at each of 5 different exposure times:
0.08, 0.16, 0.26, 0.5, and 2.0 s (coded set I, II, III,
IY, and V). Taking into account the reduced tube 
potential (70kVp is used normally) and the 
increased focus to receptor distance, this corre­
sponded to 3, 6, 10, 20, and 78%, respectively, of 
the exposure time needed for E-speed film. The 
image plates were scanned immediately after expo­
sure and the images stored on an IBM-compatible 
PC. The images were displayed on a 17-inch high- 
quality monitor.
Three observers (observer nos. 1 to 3) viewed 
the images by set. The order in which the sets were 
viewed was the same for all observers: III, I, IV, 
II, V, but was unknown to them. No more than 
one set was viewed on a single day. The Windows- 
based Digora software was used to display the 
images. This program has facilities for contrast 
enhancement and brightness adjustment. The 
observers were free to use these facilities as they 
pleased, The observers, who were all experienced 
in assessing digital radiographs, were asked to 
assess all approximal surfaces for the presence of 
caries, and all occlusal surfaces for the presence of 
dentine caries. Caries was scored on a 5-point 
confidence scale: Indefinitely not present, 2 = 
probably not present, 3 = unsure, 4 = probably pre­
sent, 5 =  definitely present.
Histological validation
After all assessments were completed, the teeth 
were removed from the blocks and completely 
embedded in acrylic resin. Subsequently, they were 
cut with a water-cooled diamond-coated saw into 
mesiodistal sections of 700 to 800 ¿¿m thickness. 
The sections were fixed to microscope slides and 
viewed under a stereomicroscope at a 25 x magni­
fication. Carious demineralization, defined as 
opaque or brownish discolorations, was scored on 
a scale from 0 to 4, where 0 = sound, 1== caries 
lesion in outer half of enamel, 2 = caries lesion in 
inner half of enamel up to and including the 
amelodentinal junction, 3 =  caries lesion in outer 
half of dentine, 4 = caries lesion in inner half of 
dentine. The highest score from the several sections 
of a tooth was used as the true status of the assessed 
surface. For approximal surfaces, scores 1 to 4 
represented the positive cases (disease present), 
whereas only scores 3 and 4 represented the positive 
cases for occlusal surfaces.
Thirty approximal and 13 occlusal surfaces were 
not available for validation due to presence of 
restorations or tissue loss during cutting. In total, 
410 approximal and 189 occlusal surfaces were 
recorded both radio graphically and histologically. 
The result of the histological validation is shown 
in Table 1.
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T a b le  1
Results of the histological validation: numbers of surfaces in each
category and caries prevalence calculation
Approximal Occlusal
Sound 261 32
Caries in outer half enamel 74 20
Caries in inner half enamel 35 32
Caries in outer half dentine 37 64
Caries in inner half dentine 3 40
Total 410 189
Overall caries prevalence 36% 83%
Dentine caries prevalence 10% 55%
standard error of the difference in parameter values 
is calculated similarly. The 95% confidence interval 
for the differences was then determined. This pro­
cedure was repeated for the difference between sets 
V and II. Differences in area between these sets 
were tested by univariate z-score tests, also yielding 
95% confidence intervals (12).
Data analysis
Several parameters were calculated from the dia­
gnostic recordings. Inter-examiner reproducibility 
was evaluated by calculating the mean ;c for each 
set. For these calculations, the confidence rating ranges were: sensitivity 52-60%), specificity 9 1 -95%,
Results
Interexaminer k  values ranged between 0.53 (set 
III) and 0.69 (set IV) for approximal caries, and 
between 0.67 (sets III and IV) and 0.73 (set II) for 
occlusal dentine caries* The results for sensitivity, 
specificity, Dz3/4 and area are presented in the left 
hand sections of Tables 2 , 3. For approximal caries, 
the ranges of mean parameter values were: sensitiv­
ity 26- 33%o, specificity 93- 95% ,  jD z3/4 0 .63- 0 . 84, 
area 0 .61- 0 .69. For occlusal dentine caries, the
scale was dichotomized into a negative test result 
(ratings 1 to 3) and a positive test result (ratings 4 
and 5). This dichotomy was also used to calculate 
sensitivity and specificity for each observer for each 
set. Sensitivity and specificity were converted to
normal-deviate values Zcaries and Zsound, which represent the x- and j-coordinates of one operating 
point (operating point 3/4) in the receiver operating 
characteristic (ROC) domain. The diagonal in this 
domain represents diagnostic performance of a 
“test” governed by chance (e.g., tossing a coin).
The distance of an operating point to the diagonal,
D.,, is a measure of diagnostic performance at the 
chosen test cut-off (for parameter Dz3j4 between 
confidence ratings 3 and 4). Finally, ROC analysis 
was extended by fitting ROC curves through all 
four operating points (software by Dr. CE Metz, between the mean value ol’ D,/3;4 and exposure time 
University of Chicago, IL) and calculating the area on the one hand, and the order of viewing on the
£>z3/4 1.03- 1.34, area 0 .79- 0 .87 . For many para­
meters, the lowest value was associated with 
set III.
Tables 2, 3 also show the difference between sets 
V and I, and sets V and II, and the respective 95% 
confidence intervals. In comparing sets V and I, 5 
differences were significant ( p < 0.05). In comparing 
sets V and II, only 2 differences were significant.
In Table 4 , the Spearman rank correlation 
coefficients for each of the parameters versus expo­
sure time and order of viewing are shown. The 
highest correlation coefficient for each observer was 
that of specificity versus order o f viewing, and for 
nearly all parameters, the correlation with order of 
viewing was as high as or higher than with exposure 
time. A visual comparison o f the
under the curve (10). This parameter ‘area’ is an 
indicator of overall diagnostic accuracy.
The correlation between the parameters and the 
exposure time as well as the order in which the sets 
were viewed by the observers was evaluated both 
visually and numerically by calculating the 
Spearman rank correlation coefficients. Pairwise 
comparison of parameter values from sets with the 
largest exposure time difference (set V versus I) 
was conducted as a paired test for each observer. 
A Jack-knife procedure (11) was used to calculate 
the standard error of the difference in sensitivity, 
specificity and Z)z3/4. This method is based on using 
sub-samples of n-1 units (here: tooth surfaces 
assessed for caries). Each of the n possible sub- 
samples has a slightly different parameter value 
from the total sample. From these differences the 
standard error for the parameter value can be 
calculated. In cases of paired measurements the
other is given in Fig. 1.
Discussion
The exposure reduction in comparison with normal
(E-speed) film exposures in this study was achieved
by a combination of 3 measures: tube potential
reduction, focus to receptor distance increase, and
exposure time reduction. Within the study, the 1st
2 parameters were constant and only exposure time
was varied. Research has shown that of several
exposure parameters, a variation of tube potential
between 63 and 81 kVp has a negligible cllecl on
approximal caries diagnosis (13). This means that
the results from this study may also be compared
with previous studies using a normal tube potential (65 or 70 kVp).
A  recent meta-analysis summarized the dia­
gnostic performance of radiographic methods in
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Table 2
Results for approximal caries, together with mean values for 3 observers
V-I V-II
95% confidence 95% confidence
I II III IV V difference interval difference interval
Sensitivity (%) 
Observer no. 1 28 29 23 27 30 3 -2.6-7.9 1 — 3.2-5.9
Observer no. 2 32 35 32 26 32 0 -S.9-5.9 - 3 —9.1- 2.1
Observer no. 3 26 34 24 41 37 11 4.5-17.0 3 —2.0- 8.8
Mean 28 33 26 31 33
Specificity (%) 
Observer no. 1 94 98 96 97 97 3 -0 .2 -5 ,6 — 2.3-0.7
Observer no. 2 92 93 88 93 94 3 -1.1-6.4 1 -  2.6-4.1
Observer no. 3 92 91 95 90 92 0 —2.6- 2.6 1 -1.3-4.3
Mean 93 94 93 93 95
^z3 (AObserver no. 1 0.70 1.02 0.73 0.85 0.95 0.26 0.004-0.52 - 0.06 -0.27-0.15
Observer no. 2 0.64 0.80 0.49 0.59 0.78 0.14 -0.09-0.38 - 0.02 -0.25-0.20
Observer no. 3 0.55 0.65 0.66 0.73 0.78 0.22 0.04-0.39 0.13 -0.03-0.30
Mean 0.63 0.82 0.63 0.73 0.84
Area
Observer no. 1 0,69 0.53 0.65 0.77 0.62 -0.06 -0.19-0.08 0.09 -0.04-0.22
Observer no. 2 0.62 0.61 0.60 0.61 0.73 0.11 0.01- 0.20 0.11 0.01- 0.21
Observer 110. 3 0.64 0.70 0.75 0.70 0,70 0.06 -0.0004-0.11 0.00 -0.05-0.05
Mean 0.65 0.61 0.67 0.69 0.68
Differences between sets V and I, and sets V and II are given with their 95% confidence intervals. Significant differences printed in 
bold type, negative differences in italic type (slight discrepancies between parameter values and differences are due to rounding off).
Table 3
Results for occlusal dentine caries, together with mean values for 3 observers
I II III IV V difference
V-I
95% confidence 
interval difference
V-II
95% confidence 
interval
Sensitivity (%)
Observer no. 1 55 52 51 55 52 -3 -10.9-5.0 -7.4-5,5Observer no. 2 58 58 57 51 58 0 — 8.5-8.5 —9.8-7.9Observer no. 3 56 58 47 67 70 14 5.5-21.7 12 4.3-19.0Mean 56 56 52 58 60Specificity (%)
Observer no. 1 95 98 94 96 98 2 — 0.9-5.7 0 o.o-o.oObserver no. 2 88 92 84 93 94 6 -1.7-13.6 2 —4.2-9.0Observer no. 3 96 95 95 92 92 -5 —10.4-0.01 ~4 — 9.7-2.6Mean 93 95 91 94 94
-^ z3/4Observer no. 1 1.27 1.43 1.13 1.36 1.44 0.17 -0.25-0.58 -0.01 -0.13-0.10Observer no. 2 0.97 1.12 0.84 1.05 1,24 0.27 -0.13-0.67 0.11 -0.30-0.51Observer no. 3 1.39 1,33 1.12 1.30 1.35 - 0.04 -0.47-0.39 0.02 -0.39-0.43Mean 1.21 1.29 1.03 1.24 1.34Area
Observer no. 1 0.85 0.94 0.79 0.87 0.88 0.03 -0.04-0.09 -0.06 -0.18-0.08Observer no, 2 0.85 0.79 0.80 0.82 0.83 - 0.02 -0.10-0.06 0.04 -0.04-0.12Observer no. 3 0.89 0.87 0.79 0,89 0.90 0.01 -0.04-0.06 0.03 -0.02-0.07Mean 0.86 0.87 0.79 0.86 0.87
differences between sets V and I, and sets V and II are given with their 95% confidence intervals. Significant differences printed in 
•>ld type, negative differences in italic type (slight discrepancies between parameter values and differences are due to rounding off).
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Table 4
Spearman rank correlation coefficients of parameters with both 
exposure set and order of viewing; data from approximal and
occlusal surfaces were pooled
Exposure time Order of viewing
1C -0.05 0.52
Sensitivity 
Observer no. 1 0.00 0.25
Observer no. 2 -0.18 0.15
Observer no. 3 0.32 0.39
Mean 0.27 0.42
Specificity 
Observer no. 1 0.38 0.82
Observer no. 2 0.67 0.89
Observer no. 3 -0.40 -0.48
Mean 0.32 0.89
^z3/4Observer no. 1 0.19 0.43
Observer no. 2 0.10 0.44
Observer no. 3 0.17 0.22
Mean 0.25 0.49
Area
Observer no. 1 0.05 0.10
Observer no. 2 0.05 0,16
Observer no. 3 0.21 0.11
Mean 0.25 0.25
1.2 -
s 0.8-
0.4
1.6 - r
I
1.2-
6 0 .8 -
Exposurc set
t---------t---------1--------- r1 2 3 4 5Order of viewing
Fig. 1. Graphs of mean Z>z3/4 versus exposure set and order of 
viewing. (★: approximal surfaces, ♦: occlusal surfaces).
the diagnosis of occlusal dentine caries (14). The 
range of Dz for occlusal dentine caries diagnosis in 
the present study, 0.84 to 1.44, with a mean Dz of 
1.22, is slightly better than the range computed 
from the reviewed studies for conventional and 
digital radiography. The Dz levels from this study 
for approximal caries, ranging between 0.49 and 
1.02, are at the low end of the range reported for 
approximal dentine caries diagnosis by radiography 
(15). As deeper lesions are easier to diagnose, this 
would be expected. The present results are very 
similar to those reported for Digora images in a 
recent study (7).
to the data than area, which is an estimated rather 
than a calculated parameter, but it does only yield 
information about a single cut-off. From Table 4, it 
can be seen that these parameters may behave 
differently, even though /)z3/4 represents one of the 
operating points used in estimating area. This is 
caused by the fact that the different operating points 
need not have equal distances (Dz) from the diag­
onal, causing the slope of the ROC curve to deviate 
from 1. Changes in operating points other than the 
one used in this study will cause changes in the area 
parameter, irrespective of the Z)z3/4 parameter. 
Sensitivity and specificity are more easily interpreted 
than the previous parameters, and their added 
evaluation may yield information about which pro­
cess, detecting sound or carious surfaces, is more 
influenced by the experimental variable.
It was expected that the order in which the image 
sets were viewed would not perceptibly influence 
diagnostic performance, because the 3 observers 
were well experienced in caries diagnosis using 
digital radiographs. Furthermore, the sets were very 
large and were viewed on separate days, which 
counteracted familiarization with the tooth mat­
erial. The correlation coefficients for the order o f  
viewing however, were generally higher than those 
for the exposure time. These results can only be 
explained by a learning process taking place in the 
course of the study. This learning process should 
be kept in mind when interpreting the results for 
different exposure levels. The difference between 
sets I and V may well have been exaggerated by 
the fact that set I came 2nd and set V last in the 
order of viewing.
Specificity seems to depend more than the other 
parameters on exposure time changes and the order 
of viewing (Table 4). Differences between the obser­
vers are apparent for this parameter. Observer no.
3 has a negative correlation between specificity and 
exposure time as well as order of viewing, whereas 
observer nos. 1 and 2 show a rather strong positive 
correlation. This is mirrored to a lesser extent in 
sensitivity. Such individual differences should be 
taken into account when determining an optimal 
exposure time for a given diagnostic system.
None of the parameters used in this study showed 
a strong correlation with exposure time (Table 4). 
However, even in the absence of a trend, there may 
be a significant difference between individual sets. 
The difference in diagnostic performance between 
the shortest and the longest exposure times in this 
study, sets I and V, is the most relevant. In the
Several parameters for diagnostic performance pairwise comparisons between sets V and I (Tables
were included in the study. Although overlap 
between them certainly exists, the combinations 2, 3), 5 differences are significant. All of these are positive, thus favoring the higher exposure time.
yield more information than any single parameter Caries diagnosis at the approximal surface appears 
would. For instance, Z)z3/4 is more directly related to deteriorate more with the shorter exposure time
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than occlusal dentine caries diagnosis. This is prob­
ably related to the fact that smaller (enamel) lesions 
were diagnosed at the approximal surface. We can 
conclude that the overall diagnostic performance 
with set V was significantly better than with set I. 
Considering the correlation of the parameters with 
viewing order, again, this difference may not be 
(entirely) due to the exposure time difference
between the 2 sets. However, within the confines
iof this study* the relative influence of these factors 
cannot be quantified.
In the comparison of set V with set II, the 
influence of the viewing order is probably negligible 
because these sets were viewed immediately after 
one another at the end of the procedure for each 
observer. The differences found here are generally 
smaller. There are only 2 (positive) significant 
differences. Overall diagnostic performance with 
set II was not significantly impaired in comparison 
to that with set V.
It can be concluded that for Digora images, a 
deterioration of diagnostic performance for caries 
diagnosis could not be shown for an exposure time 
as short as 6% compared with an exposure time of 
78% of that needed for E-speed film. When reducing 
the exposure time to 3 % of E-speed film exposure 
caries diagnosis may be significantly impaired.
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